Abstract-The process of the in situ formation of a linear poly(methyl methacrylate)-crosslinked polyure thane blend in the presence of different amounts of an oligomeric azo initiator containing fragments of a polyurethane chain and groups capable of initiating the radical polymerization of methyl methacrylate has been studied. It has been shown that the use of an azo initiator providing for the formation of block copoly mers retards the phase separation in the system and favors the formation of a finer blend structure that is char acteristic by a domain size several times smaller than that of the pristine blend, without the azo initiator. The optimum azo initiator concentration that results in a better dispersion of polyurethane in poly(methyl meth acrylate) has been determined.
INTRODUCTION
Multicomponent polymer systems, including interpenetrating polymer networks (IPNs) and semi IPNs obtained via an in situ method from pristine homogeneous monomer blends, have been widely used and studied for several decades [1] [2] [3] [4] [5] . IPNs and semi IPNs, as a rule, are obviously heterogeneous structures that are caused by the incompatibility of their components, a circumstance that leads to phase separation in the course of system formation. In this case, insignificant interfacial adhesion often causes their mechanical properties to be unsatisfactory. To improve the compatibility of components and, hence, the properties of IPNs and semi IPNs, the phase sep aration process must be suppressed or retarded in order to obtain blends with finer disperse structures. Because the formation of IPNs and semi IPNs occurs as a result of superposition of two processes, namely, chemical reactions of component formation and reac tion induced phase separation, their morphologies and, hence, properties can be controlled via a change in the ratio of the rates of the two processes through variation in the polymerization conditions (compo nent ratio, temperature, and initiator content) [6] [7] [8] [9] [10] .
Also, it is well known that the compatibility of the polymer blend components may be improved through the introduction of special additives (compatibilizers). These may be macromolecular and low molecular mass compounds capable of physical or chemical interaction with the blend components at the inter face, thereby resulting in system stabilization and bet ter dispersion of one component in another. As mac romolecular compatibilizers, block, graft, and even random copolymers added to the blend or obtained in situ are widely used. Copolymers may be formed in situ as a result of both interchain exchange reactions and the chemical interaction of functional groups spe cially introduced into the blend components. These systems are considered in a number of experimental and theoretical studies, which are well described in monograph [11]. In the above mentioned studies, copolymers are regarded as compatibilizers of finished polymer blends. IPNs, semi IPNs, and linear polymer blends formed in situ from single phase monomer blends and subjected to phase separation in the course of their formation may likewise be compatibilized with copolymers, which can be introduced into the reac tion systems as finished additives or obtained in situ simultaneously with the blend components. In the lit erature, few studies deal with investigations of this kind [12, 13] . For example, it was shown that the addi tion of a PVAc macromonomer with end methacrylate groups to a polymerizing system of MMA with an eth ylene-vinyl acetate copolymer leads to a delayed time of the phase separation onset and to a decrease in the process rate, with a stable blend structure character ized by a smaller size of domains being formed [12] . These facts are interpreted by the authors as being caused by decreasing interfacial tension due to the for mation of a PMMA-PVAc graft copolymer in the POLYMER SCIENCE Series A Vol. 56
No. 2 2014 blend. In addition, a similar effect of a significant retardation of the phase separation was observed in the preparation of epoxy-urethane compositions during the addition of an epoxy-urethane copolymer, which was likewise formed in the course of synthesis [13] . The compositions with the copolymer showed improved mechanical properties, particularly, higher relative elongations and ultimate tensile strengths.
Another possibility exists for the in situ synthesis of copolymers, when the radical polymerization of one of the blend components is initiated by an oligomeric initiator with molecules composed of fragments of molecules of the other component [14] [15] [16] [17] . In this study, it is suggested that, via the use of the above oli gomeric initiator, the structure formation in the react ing systems may likewise be controlled.
The aim of this study was to investigate the effect of an oligomeric initiator on the kinetics of chemical reactions and the phase separation induced by these reactions as well as on the structure of formed semi IPNs based on crosslinked polyurethane (PU) and lin ear PMMA under various conditions of component polymerization. EXPERIMENTAL PU-PMMA blends of various compositions were used as the objects of investigation. Network polyure thane was obtained from macrodiisocyanate (MDI 1) based on oligodiethylene glycol adipate with M = 800, hexamethylene diisocyanate (HMDI) (1 : 2), and tri methylolpropane as a chain crosslinking agent in a stoichiometric ratio to macrodiisocyanate. The calcu lated amount of MMA with the dissolved mixture of initiators (AIBN and an oligomeric azo initiator (OAI)) was added to the urethane mixture up to the total concentration of 1 × 10 -2 mol/L. Dibutyltin dilaurate (1.13 × 10 -6 mol/L) was used as a catalyst of urethane formation.
The OAI was obtained with the use of macrodiiso cyanate (MDI 2, M = 2336, 3.14% NCO groups) from oligooxypropylene glycol (OPG) with M = 2000 and HMDI at a ratio of 1 : 2. The OAI was synthesized on the basis of cyclohexanone azo bis(isobutyrohy drazone) (CH-AHN, Т m = 116-120°С, 7.2% nitro gen, a gas number of 57.4 mL/g) and MDI 2 at a CH-AHN to OPG-HMDI ratio of 2 : 1 (mol/mol). The oligoazo initiator was of the R-X-R structure, where R is CH-AHN and X is block MDI 2.
The interaction of acylhydrazone groups with iso cyanates results in oxadiazolinylcarbamate (ODA) cycles [18] .
Combined reactions of polyaddition (PU forma tion) and radical polymerization (PMMA formation) in the presence and in the absence of the OAI were performed at 80°C. The kinetics of the simultaneous formation of PU and PMMA was studied via isother mal calorimetry on a DAK 1 1A calorimeter. The kinetic processes of PU and PMMA synthesis were separated on the basis of the experimental curves of heat evolution during the simultaneous occurrence of the reactions in blends as described in [19] under the assumption of additive contributions of the heat of for mation of each blend component to the total heat evo lution during blend formation. The area beneath the heat evolution curve related to polymerization was calculated via subtraction of the area related to the heat evolution during PU formation from the total area. On the basis of the heat of polymerization of MMA [20] , its conversion was calculated. The area beneath the heat evolution curve due to urethane for mation was found from data on the completion of this reaction obtained through an independent method (titration of NCO groups via the Stagg method [21] ). The relative experimental error for kinetic parameters was as high as 10%.
The process of phase separation in the forming semi IPN of PU-PMMA was studied via a light scat tering method as described in [22] .
The optical microscopic examination was per formed on a Zeiss Primo Star microscope (Germany). 
